Abstract: This study focuses on the economic and environmental impacts of the deployment of cellular base stations (BSs) in remote/rural areas of South Korea. The optimal system, energy production, and operational costs of various renewable energy systems (RESs), such as solar power systems and hybrid solar power/wind power systems, in supplying third-generation cellular BSs with their required energy are discussed in this paper. To highlight the economic feasibility of the proposed RESs, a comparison between their economic feasibilities is presented. In addition, a comparison between the economic feasibilities of the proposed RESs and the classic energy solution of using a diesel generator (DG) is provided. Results show that the total operating expenses that can be saved can reach up to 56.13% if DG is replaced with the hybrid solar power/wind power system. Moreover, the operating expense savings are increased to 56.99% when a stand-alone solar power system is used. These results can be considered a valuable reference for mobile operators to show that shifting toward renewable energy technology is an attractive option.
options for renewable energy systems (RESs), namely, (1) a stand-alone photovoltaic (PV) system and (2) a hybrid PV/wind turbine (WT) system, to feed a Universal Mobile Telecommunications System (UMTS), known as the "third generation (3G)" of mobile communication, off-grid BS site (UMTS-BS). The main contributions of this study are:
(a) to determine the optimum size of and the technical criteria for a solar power system and a hybrid solar power/wind power system, and thus, ensure the full energy autonomy of a UMTS-BS under various daily solar radiation conditions in South Korea (b) to analyze and evaluate the feasibility of using a solar power system and a hybrid solar power/wind power system in terms of energy yield, to ensure 100% energy autonomy and sustainability, and economic yield, to ensure cost-effectiveness (c) to analyze and compare the consequences of selecting between the proposed RESs and the classic energy solution of using DGs on reducing OPEX and mitigating greenhouse gas (GHG) emissions
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The main contributions of this study are:
(a) to determine the optimum size of and the technical criteria for a solar power system and a hybrid solar power/wind power system, and thus, ensure the full energy autonomy of a UMTS-BS under various daily solar radiation conditions in South Korea (b) to analyze and evaluate the feasibility of using a solar power system and a hybrid solar power/wind power system in terms of energy yield, to ensure 100% energy autonomy and sustainability, and economic yield, to ensure cost-effectiveness (c) to analyze and compare the consequences of selecting between the proposed RESs and the classic energy solution of using DGs on reducing OPEX and mitigating greenhouse gas (GHG) emissions The remainder of this paper is organized as follows. Section 2 provides an overview of the study area considered in this research. Section 3 discusses the components and modeling of the proposed systems. The mathematical model of cost is described in Section 4. Section 5 presents a simulation setup considered in HOMER software and a system layout in HOMER. The simulation and optimization results are discussed in Section 6. A comparison among various RESs (e.g., solar power The remainder of this paper is organized as follows. Section 2 provides an overview of the study area considered in this research. Section 3 discusses the components and modeling of the proposed systems. The mathematical model of cost is described in Section 4. Section 5 presents a simulation setup considered in HOMER software and a system layout in HOMER. The simulation and optimization results are discussed in Section 6. A comparison among various RESs (e.g., solar power system and hybrid solar power/wind power system) in terms of energy and economic issues is provided in Section 7. Meanwhile, a comparison between RESs and the traditional energy source (DG) is provided in Section 8. Section 9 draws the conclusion of the study. The outline of the paper is presented in Figure 1 .
Case Study Information
South Korea exhibits considerable potential for using renewable energy resources. However, these resources have not been applied extensively in the telecommunication sector, and research and development in this area are ongoing. The potential for utilizing solar and wind energies in South Korea is investigated in the following subsections.
Solar Energy
South Korea is located between 33 • and 39 • N latitude and between 124 • and 130 • E longitude, with an average solar radiation of 4.01 kWh/m 2 /day and 0.503 clearness index; the maximum solar radiation is 5.48 kWh/m 2 /day in May and the minimum is 2.56 kWh/m 2 /day in December [8] . Figure 2 shows the average daily solar radiation per month. The long rainy period in early summer decreases global horizontal irradiance in June and July.
However, the average daily solar radiation varies from one province to another. Figure 3 shows the average daily solar radiation in various provinces of South Korea. The map of the average daily solar radiation ( Figure 3 ) indicates a high average daily solar radiation of over 5 kWh/m 2 in Jeju Island and the southeastern coastal area. By contrast, the monthly average daily solar radiation is lower (4.7 kWh/m 2 ) in the northwestern region around Seoul. In addition, Gochang presents the lowest monthly average daily solar radiation of 4.48 kWh/m 2 .
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However, the average daily solar radiation varies from one province to another. Figure 3 shows the average daily solar radiation in various provinces of South Korea. The map of the average daily solar radiation ( Figure 3 ) indicates a high average daily solar radiation of over 5 kWh/m 2 in Jeju Island and the southeastern coastal area. By contrast, the monthly average daily solar radiation is lower (4.7 kWh/m 2 ) in the northwestern region around Seoul. In addition, Gochang presents the lowest monthly average daily solar radiation of 4.48 kWh/m 2 . [8] . Figure 2 . Average daily solar radiation per month [8] . Figure 4 shows that the average wind speed in South Korea, i.e., 4.0 m/s, varies from 3.45 m/s in September to 4.62 m/s in February [10] . The average wind speed is classified as low; however, the wind can generate a high amount of energy in winter, particularly in the eastern and southeastern coasts; during strong surges of cold air, wind speed can reach up to 7.5 m/s [11, 12] . In summer, wind speed evidently and considerably decreases compared with that in winter. This seasonal variation in wind speed is highly related to atmospheric pressure and wind direction in South Korea. Figure 5 shows the wind direction in South Korea during winter. The main wind direction in winter is northwest in most areas. Meanwhile, the northeast wind appears in some parts of the southern west coast and southern coast of Gyeongnam. In addition, southwestern winds can be observed in Gangwon Province. The distribution of wind direction reflects the northwestern wind system due to the Siberian high pressure during winter in the northern part of Korea. Figure 4 shows that the average wind speed in South Korea, i.e., 4.0 m/s, varies from 3.45 m/s in September to 4.62 m/s in February [10] . The average wind speed is classified as low; however, the wind can generate a high amount of energy in winter, particularly in the eastern and southeastern coasts; during strong surges of cold air, wind speed can reach up to 7.5 m/s [11, 12] . In summer, wind speed evidently and considerably decreases compared with that in winter. This seasonal variation in wind speed is highly related to atmospheric pressure and wind direction in South Korea. Figure 5 shows the wind direction in South Korea during winter. The main wind direction in winter is northwest in most areas. Meanwhile, the northeast wind appears in some parts of the southern west coast and southern coast of Gyeongnam. In addition, southwestern winds can be observed in Gangwon Province. The distribution of wind direction reflects the northwestern wind system due to the Siberian high pressure during winter in the northern part of Korea. Figure 4 shows that the average wind speed in South Korea, i.e., 4.0 m/s, varies from 3.45 m/s in September to 4.62 m/s in February [10] . The average wind speed is classified as low; however, the wind can generate a high amount of energy in winter, particularly in the eastern and southeastern coasts; during strong surges of cold air, wind speed can reach up to 7.5 m/s [11, 12] . In summer, wind speed evidently and considerably decreases compared with that in winter. This seasonal variation in wind speed is highly related to atmospheric pressure and wind direction in South Korea. Figure 5 shows the wind direction in South Korea during winter. The main wind direction in winter is northwest in most areas. Meanwhile, the northeast wind appears in some parts of the southern west coast and southern coast of Gyeongnam. In addition, southwestern winds can be observed in Gangwon Province. The distribution of wind direction reflects the northwestern wind system due to the Siberian high pressure during winter in the northern part of Korea. The average wind resource of South Korea is less than 5.0 m/s; hence, a stand-alone wind power system is unreasonable as a reliable or practical energy source [13] . However, wind generators are used in hybrid systems integrated with solar panels to ensure reliability. The selection of a suitable WT for low wind speed is a critical issue. A mobile BS tower structure can be appropriately modified to integrate WT into the tower itself, thereby saving space and installation cost. 
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The modeling of the RES scheme integrated with UMTS-BS is shown in Figure 6 . The average wind resource of South Korea is less than 5.0 m/s; hence, a stand-alone wind power system is unreasonable as a reliable or practical energy source [13] . However, wind generators are used in hybrid systems integrated with solar panels to ensure reliability. The selection of a suitable WT for low wind speed is a critical issue. A mobile BS tower structure can be appropriately modified to integrate WT into the tower itself, thereby saving space and installation cost. 
The modeling of the RES scheme integrated with UMTS-BS is shown in Figure 6 . 
Cellular Mobile BS Power Consumption Model
UMTS-BS can be defined as a link that provides a direct path from a mobile core network to mobile stations that cover various cells. As shown in Figure 6 , a BS is primarily a DC load that mainly consists of power amplifiers (PA), a radio-frequency transceiver (RF), a baseband unit (BB), a microwave backhaul, and auxiliary equipment (e.g., lighting and air-conditioning units); accordingly, a solar PV panel can directly power a BS [14, 15] . The power consumption of each mobile cellular BS unit is provided in Table 1 . The total power requirement of a site is calculated using [14] :
where N TRX is the total number of transceivers; P DC PA is the power consumed by a PA at maximum load; P DC BB is the power consumed by a BB unit; P DC RF is the power consumed by RF; σ DC is a DC-DC loss factor; σ cool is a cooling loss factor; P ml is the power consumed by microwave backhaul; and P l is the power consumed by auxiliary equipment (e.g., lighting), which operates between 7 p.m. and 7 a.m. 
Hybrid RES
The following subsections highlight the major components of the proposed RESs and their mathematical models.
PV Model
The daily energy output (E) of a PV system is directly proportional to the total solar panel area or PV array area (A), solar panel efficiency (r), daily average solar radiation (H), and performance ratio (PR). E increases when A is large. Meanwhile, the A of a solar power system is limited. Thus, solar radiation is the factor that can increase E at a limited A, i.e., the output energy of a solar power system increases with increasing solar radiation at constant A. However, PV panels exhibit relatively low efficiency at 4-12% for thin film panels and below 22% for crystalline panels [16, 17] , which affects the production of energy regardless of the availability of solar radiation. In addition, Energies 2018, 11, 1500 7 of 22 dust significantly influences the performance of PV, thereby causing further reduction in overall efficiency. Accordingly, the E of a PV system can be calculated using the following formula [8, 18, 19] :
where Y PV is the peak capacity of a PV array measured in kW. The average daily solar radiation is the peak solar hour (PSH), which is measured per hour. Loss factors due to dust and temperature, and wire losses that can affect the wattage output of a solar PV are expressed as the PV derating factor f PV , where the coefficient of losses ranges from 0.5 to 0.9 with a default value of 0.75.
WT Model
The sizes of rotor blades, wind velocity, and air density are considered the main parameters for determining the output power of a WT, which can be expressed using the following mathematical model [7, 20, 21] :
where wind speed (m/s) is represented by V. The coefficient by Betz limit is represented by Cp. A is the swept area (πD 2 /4, D is the rotor diameter in m 2 and π = 3.1416). The corrected monthly air density (kg/m 3 ) is represented by ρ, which can be estimated using the following equation [7, 20, 21] :
where P is the monthly mean air pressure (N/m 2 ), T is the monthly mean air temperature (K), and R is the specific gas constant for air (287 J/kg K). Equation (3) can be simplified to K·V 3 considering that rotor area and air density are fixed and represented by K. Thus, the output power of a WT depends only on wind speed, which is represented by V 3 . Therefore, the available wind energy is proportional to the cube of wind speed or wind velocity.
Battery System Model
In a hybrid system, the mathematical modeling of a battery system generally depends on the state of charge (SOC) and depth of discharge (DOD) of the battery. SOC denotes the cumulative sum of the daily charge or discharge transfers of a battery. Meanwhile, DOD is calculated as the percentage of energy that can be withdrawn from a battery; it can be expressed as follows [22] :
In addition, HOMER is used to calculate the number of days that a fully charged battery can autonomously supply a fully loaded BS before the battery runs out of power based on the following equation [22] :
where N batt denotes the total number of batteries within a battery pack. The nominal voltage of a single battery is represented by V nom . The nominal capacity of an individual battery within a battery pack is represented by Q nom . The daily average load of a BS is represented by L prim-avg . Furthermore, the overall lifetime of a battery can be expressed as [22] : 
Modeling of Costs
In HOMER, the total net present cost (NPC) of a system is the present value of all the costs that the system has incurred over its lifetime. NPC includes capital costs, replacement costs, operation and management (O&M) costs, fuel costs, emission penalties, and the costs of buying power from the grid. Thus, NPC can be mathematically expressed as follows [22] :
The total annualized cost (TC), which is the annualized value of the total NPC and the capital recovery factor (CF), is expressed as follows [22] :
where i is the annual real interest rate, and n is the project lifetime. The discount factor f d is used to calculate the present value of a cash flow that occurs in any year during a project's lifetime. f d can be mathematically expressed as [22] :
The salvage value S is the power system component value that remains at the completion of a particular project's lifetime. HOMER calculates salvage cost using the following equation [22] :
where the replacement cost of the component is represented by rep, the remaining lifetime of the component is represented by rem, and the lifetime of the component is represented by comp.
System Implementation and Configuration
This section highlights the architecture layout of the proposed RESs and the parameters of the components used in this simulation. Table 2 summarizes the parameters of the components used in HOMER software. The average daily BS load consumption profile is depicted in Figure 7 . In addition, the characteristics of the "Trojan L16P" battery model that are considered in this study are presented in Figure 8 . Moreover, the layout of the RES models in HOMER that are considered in this study is shown in Figure 9 . 
Modeling of Costs
where i is the annual real interest rate, and n is the project lifetime.
The discount factor fd is used to calculate the present value of a cash flow that occurs in any year during a project's lifetime. fd can be mathematically expressed as [22] :
System Implementation and Configuration
Optimization and Simulation Results
The system architecture, energy production, and cost analysis of the RESs are discussed in detail in the following subsections.
PV System
Different average values (4.0, 4.5, 5.0, and 5.5 kWh/m 2 ) of daily solar radiation are considered in the simulation because the average daily solar radiation varies from one province to another.
Optimal System Architecture
The economic criteria and sizes of the components of the proposed stand-alone PV system at different daily radiation values are summarized in Table 3 .
The PV array is rated 9.0 kW at 4.0 kWh/m 2 /day. The number of PV modules in series and parallel is achieved by dividing the designed system voltage by the nominal module voltage under the standard test condition. Thus, PV modules are connected as four in series and nine in parallel based on the Sharp ND-250QCs module. The nominal rated voltage of the Trojan L16P battery is 6 V; hence, a 48 V DC bus-bar connected in series was used. Accordingly, 64 units of battery operating at a nominal voltage of 6 V are connected 8 in series and 8 in parallel. Figure 10 summarizes the annual energy contribution of the PV system at different average values of daily solar radiation.
The average daily solar radiation of 4.0 kWh/m 2 in South Korea is considered in the following analysis. The total annual energy production of the PV array is 10,538 kWh, which was calculated using Equation (2) . However, a dual-axis tracker system is used, which increases the total amount of energy to 14,938 kWh/year. Meanwhile, 11,678 kWh/year is the total annual energy required for the load (UMTS-BS). Thus, the total annual excess energy is 3.26 kWh. Furthermore, Figure 11 presents the monthly average electricity production of the PV array, which indicates that the maximum electricity production of the PV array is achieved in April and May, whereas the minimum is observed in July.
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Costs
The cash flow of the PV system over the project lifetime is summarized in Figure 15 based on a solar radiation of 4.0 kWh/m 2 /day.
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The PV capacity rating varies from 8.5 kW to 6.5 kW and corresponds to differences in solar radiation. PV capacity decreases as solar radiation increases. WT capacity is 1 kW for all cases because wind speed is constant at 4.0 m/s in all cases. The optimal number of batteries is 64, and the ideal inverter output is 0.3 kW. Figure 18 summarizes the annual energy contribution of the hybrid PV/WT power system at different daily radiation values and a wind speed of 4.0 m/s.
The average daily solar radiation of 4.0 kWh/m 2 and the average wind speed of 4.0 m/s are considered in the following analysis. The total annual energy production of a PV array is 16,259 kWh, which represents 89% of the total annual energy production (15,810 kWh) of the hybrid PV/WT system. Meanwhile, the total annual energy production of a WT is 1814 kWh, which represents 11% of the total annual energy production of the hybrid PV/WT system. WT initially provides output power at a wind speed of 4 m/s, as shown in Figure 19 . Therefore, the total annual energy production of WT does not exceed 11% of the total annual energy production of the hybrid PV/WT system. Figure 20 presents the monthly average electricity production of the hybrid PV/WT system. This figure indicates that the maximum electricity production of the hybrid PV/WT system occurred in April and May, whereas the minimum was observed in July. Furthermore, the maximum electricity production of WT was recorded in January and March, and the minimum was noted in September. The economic criteria and sizes of the components of the proposed hybrid PV/WT power system at different daily radiation values and a wind speed of 4.0 m/s are summarized in Table 4 .
The average daily solar radiation of 4.0 kWh/m 2 and the average wind speed of 4.0 m/s are considered in the following analysis. The total annual energy production of a PV array is 16,259 kWh, which represents 89% of the total annual energy production (15,810 kWh) of the hybrid PV/WT system. Meanwhile, the total annual energy production of a WT is 1814 kWh, which represents 11% of the total annual energy production of the hybrid PV/WT system. WT initially provides output power at a wind speed of 4 m/s, as shown in Figure 19 . Therefore, the total annual energy production of WT does not exceed 11% of the total annual energy production of the hybrid PV/WT system. Figure 20 presents the monthly average electricity production of the hybrid PV/WT system. This figure indicates that the maximum electricity production of the hybrid PV/WT system occurred in April and May, whereas the minimum was observed in July. Furthermore, the maximum electricity production of WT was recorded in January and March, and the minimum was noted in September. The total annual input energy of the Trojan L16P battery is 6957 kWh, whereas its total annual output energy is 5,939 kWh. Thus, the total annual energy loss of the Trojan L16P battery is 1018 kWh. Furthermore, batteries can supply the UMTS-BS load autonomously for 72.6 h, which was calculated using Equation (6) . The expected lifetime of the battery is 10 years, as calculated using Equation (7). Figure 21 presents the monthly maximum and minimum SOCs of the Trojan L16P battery, which indicates that the DOD of this battery occurred at the end July and beginning of August. Additional details are provided in Figure 22 , which shows a portion of the hourly simulation results of the energy content of the battery in a time series, in average hourly values of the PV array power output with SOC. The lowest level was reached on 4 August.
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The total annual input energy of the inverter is 1301 kWh, whereas its total annual output energy is 1236 kWh. Thus, the total annual energy loss of the inverter is 65 kWh. Figure 23 presents the average monthly energy conversion of the inverter over 12 months. The total annual input energy of the Trojan L16P battery is 6957 kWh, whereas its total annual output energy is 5,939 kWh. Thus, the total annual energy loss of the Trojan L16P battery is 1018 kWh. Furthermore, batteries can supply the UMTS-BS load autonomously for 72.6 h, which was calculated using Equation (6) . The expected lifetime of the battery is 10 years, as calculated using Equation (7) . Figure 21 presents the monthly maximum and minimum SOCs of the Trojan L16P battery, which indicates that the DOD of this battery occurred at the end July and beginning of August. Additional details are provided in Figure 22 , which shows a portion of the hourly simulation results of the energy content of the battery in a time series, in average hourly values of the PV array power output with SOC. The lowest level was reached on 4 August.
The total annual input energy of the inverter is 1301 kWh, whereas its total annual output energy is 1236 kWh. Thus, the total annual energy loss of the inverter is 65 kWh. Figure 23 presents the average monthly energy conversion of the inverter over 12 months. 
The cash flow summary for the hybrid PV/WT system within the project lifetime is presented in Figure 24 based on a solar radiation of 4.0 kWh/m 2 /day and a wind speed of 4.0 m/s.
The hybrid PV/WT system has an IC of $28,420, yearly O&M cost of $778, and salvage value of $5340, which were calculated using Equation (11) . No replacement cost is necessary because the project lifetime is 10 years, battery lifetime is estimated at 10 years, inverter and WT lifetimes are 15 years, and PV array lifetime is 25 years.
The total NPC throughout the project lifetime is $30,975, which is calculated as follows: capital costs of $28,420 + O&M costs of $7270 − salvage value of $4715 = $30,975. Figure 25 summarizes the total discounted costs incurred within the project lifetime of the PV/WT hybrid system. 
Feasibility Comparison between the PV System and the Hybrid PV/WT System
This section compares the two RESs used in this study. Comparison is performed in terms of energy and economics. This summary provides a clear basis for cellular network operators in selecting the best solution and ensuring sustainability through the improved planning of the cellular network. Figure 26 summarizes the annual energy contribution of the two proposed RESs. The annual energy required by the UMTS-BS load is 11,678 kWh; thus, both RESs can cover the load without shortage. However, the annual output energy of the hybrid PV/WT system is higher than that of the PV system by 8.12%. In addition, the annual excess energy of the PV system reaches 13.78%, whereas that of the hybrid PV/WT system reaches 21.51%. 
Energy Issue
Economic Issue
Increasing profitability and reducing OPEX in a cellular network are important economic issues for cellular network operators. Figure 27 summarizes the total costs of the two proposed RESs. The 
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Energy Issue
Economic Issue
Increasing profitability and reducing OPEX in a cellular network are important economic issues for cellular network operators. Figure 27 summarizes the total costs of the two proposed RESs. The NPC for the hybrid PV/WT system is higher than that for the PV system. This result is attributed to higher IC and O&M costs for the hybrid PV/WT system. The salvage value for the hybrid PV/WT system is lower than that for the PV system because the former includes a new component (i.e., WT), which increases IC and O&M costs. NPC for the hybrid PV/WT system is higher than that for the PV system. This result is attributed to higher IC and O&M costs for the hybrid PV/WT system. The salvage value for the hybrid PV/WT system is lower than that for the PV system because the former includes a new component (i.e., WT), which increases IC and O&M costs. The preceding analysis indicates that the proposed PV system is an attractive solution for supplying energy to a remote UMTS-BS because this system provides increased levels of reliability and has low maintenance requirements. 
Feasibility Comparison between RESs and DG
The required DG is approximately 5 kW, which was computed as the maximum UMTS-BS, AC, and DC loads of 1.34 kW divided by DG efficiency of 30% [20] × converter efficiency of 95%. Comparison is performed in terms of economic feasibility and GHG emissions. (ii) $5302 for fuel cost at $1.04/L diesel price [23] (b) PV system: Annual O&M costs can be reduced to $733, thereby yielding savings amounting to 87.23%. However, the savings rate is expected to continue to increase with the continuous rise in fuel prices. The preceding analysis indicates that the proposed PV system is an attractive solution for supplying energy to a remote UMTS-BS because this system provides increased levels of reliability and has low maintenance requirements.
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Feasibility Comparison between RESs and DG
The required DG is approximately 5 kW, which was computed as the maximum UMTS-BS, AC, and DC loads of 1.34 kW divided by DG efficiency of 30% [20] × converter efficiency of 95%.
Comparison is performed in terms of economic feasibility and GHG emissions.  NPC Cost (a) DG: NPC includes the IC of $3300 + O&M costs of $57,400 + replacement costs of $9900 = $70,600 throughout the project lifetime. (b) PV system: NPC amounts to $30,366. Hence, using the PV system can save up to 56.99%. Figure 28 summarizes the OPEX of the DG compared with that of the proposed PV system.
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 GHG Emissions
The CO2 emission of diesel fuel is 2.68 kg/L [24] . Hence, the total annual CO2 emission is 13,663 kg, which was computed based on the specific annual diesel consumption of 5098 L multiplied by 2.68 kg CO2/L. Consequently, the trend toward RESs is increasing worldwide to eliminate GHG emissions, reduce costs, and protect the environment, given that RESs are considered green icons. Figure 28 summarizes the OPEX of the DG compared with that of the proposed PV system.
The CO2 emission of diesel fuel is 2.68 kg/L [24] . Hence, the total annual CO2 emission is 13,663
Annual O&M Cost (a) DG: Total annual cost amounted to $5740, which is broken down as follows: (ii) $5302 for fuel cost at $1.04/L diesel price [23] (b) PV system: Annual O&M costs can be reduced to $733, thereby yielding savings amounting to 87.23%. However, the savings rate is expected to continue to increase with the continuous rise in fuel prices.
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 Replacement Cost (a) DG: Mobile operators may be required to change DG every 3 years. Accordingly, the total DG replacement cost is 3 × (size 5 kW × cost $660/1 kW), with a total of at least $9900. (b) PV system: No replacement cost is necessary because the project lifetime is 10 years, whereas the PV array lifetime is 25 years.
 Salvage Value
(a) DG: The salvage value for DG is frequently zero. (b) PV system: The total salvage value is $5440.
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The CO2 emission of diesel fuel is 2.68 kg/L [24] . Hence, the total annual CO2 emission is 13,663 kg, which was computed based on the specific annual diesel consumption of 5098 L multiplied by 2.68 kg CO2/L. Consequently, the trend toward RESs is increasing worldwide to eliminate GHG emissions, reduce costs, and protect the environment, given that RESs are considered green icons. 
Hybrid PV/WT System versus DG Solution
 IC Cost
The IC cost of the hybrid PV/WT system is $28,420.
 Annual O&M Cost
The annual O&M cost of the hybrid PV/WT system is $778, thereby yielding savings amounting to 86.45% compared with DG.
 Replacement Cost
No replacement cost is necessary because the project lifetime is 10 years, battery lifetime is estimated at 10 years, inverter and WT lifetimes are 15 years, and PV array lifetime is 25 years Figure 28 summarizes the OPEX of the DG compared with that of the proposed PV system.
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The CO 2 emission of diesel fuel is 2.68 kg/L [24] . Hence, the total annual CO 2 emission is 13,663 kg, which was computed based on the specific annual diesel consumption of 5098 L multiplied by 2.68 kg CO 2 /L. Consequently, the trend toward RESs is increasing worldwide to eliminate GHG emissions, reduce costs, and protect the environment, given that RESs are considered green icons. Figure 28 summarizes the OPEX of the DG compared with that of the proposed PV system.
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 Annual O&M Cost
The annual O&M cost of the hybrid PV/WT system is $778, thereby yielding savings amounting (a) DG: Mobile operators may be required to change DG every 3 years. Accordingly, the total DG replacement cost is 3 × (size 5 kW × cost $660/1 kW), with a total of at least $9900. (b) PV system: No replacement cost is necessary because the project lifetime is 10 years, whereas the PV array lifetime is 25 years.
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Annual O&M Cost
The annual O&M cost of the hybrid PV/WT system is $778, thereby yielding savings amounting to 86.45% compared with DG. Figure 28 summarizes the OPEX of the DG compared with that of the proposed PV system.
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Replacement Cost
No replacement cost is necessary because the project lifetime is 10 years, battery lifetime is estimated at 10 years, inverter and WT lifetimes are 15 years, and PV array lifetime is 25 years. Figure 28 summarizes the OPEX of the DG compared with that of the proposed PV system.
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Salvage Value
The total salvage value is $5340. Figure 28 summarizes the OPEX of the DG compared with that of the proposed PV system.
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Hybrid PV/WT System versus DG Solution
 IC Cost
 Annual O&M Cost
The annual O&M cost of the hybrid PV/WT system is $778, thereby yielding savings amounting to 86.45% compared with DG.  Replacement Cost
NPC Cost
NPC for the hybrid PV/WT system is $30,975. Hence, using the hybrid PV/WT system can save up to 56.13% compared with DG. Figure 29 summarizes the OPEX of the DG compared with that of the proposed hybrid PV/WT system throughout the project lifetime. 
 Salvage Value
The total salvage value is $5340.
 NPC Cost
Conclusions and Recommendations
A stand-alone PV system and a combined PV/WT system were studied. The annual energy output of the hybrid PV/WT system was higher than that of the stand-alone PV system. However, both systems covered the UMTS-BS load without shortage, and excess electricity can be stored in batteries for future use. In addition, NPC for the hybrid PV/WT system was also higher than that for the stand-alone PV system. The PV/WT system included an additional component (i.e., WT) that increased IC and O&M costs, and consequently, total NPC. However, the total operating expenses that can be saved can reach 56.13% if a DG is replaced with the hybrid PV/WT energy system. Operating expense savings increased with the use of a stand-alone PV system by up to 56.99%. These results indicate that a stand-alone PV system is more feasible for mobile network operators in terms of cost-effectiveness, sustainability, and clean energy. Therefore, the current arrangement of dieselpowered UMTS-BS can be replaced with a stand-alone PV system, which can provide the following advantages:
 A nonconventional energy PV power system is found to be technically feasible, emission-less, and cost-effective in the long run.

The environment-friendly nature of this system makes it an attractive option for supplementing 
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A stand-alone PV system and a combined PV/WT system were studied. The annual energy output of the hybrid PV/WT system was higher than that of the stand-alone PV system. However, both systems covered the UMTS-BS load without shortage, and excess electricity can be stored in batteries for future use. In addition, NPC for the hybrid PV/WT system was also higher than that for the stand-alone PV system. The PV/WT system included an additional component (i.e., WT) that increased IC and O&M costs, and consequently, total NPC. However, the total operating expenses that can be saved can reach 56.13% if a DG is replaced with the hybrid PV/WT energy system. Operating expense savings increased with the use of a stand-alone PV system by up to 56.99%. These results indicate that a stand-alone PV system is more feasible for mobile network operators in terms of cost-effectiveness, Energies 2018, 11, 1500 21 of 22 sustainability, and clean energy. Therefore, the current arrangement of diesel-powered UMTS-BS can be replaced with a stand-alone PV system, which can provide the following advantages:
• A nonconventional energy PV power system is found to be technically feasible, emission-less, and cost-effective in the long run.
•
The environment-friendly nature of this system makes it an attractive option for supplementing energy supply in rural areas.
Load is optimally satisfied.
• Accelerated deployment of UMTS-BSs in remote and rural locations can be achieved.
Expanded coverage of mobile networks can be realized to provide service to the largest number of users who will benefit from the transition from physical to mobile operators.
In this study, the opportunities and prospects of the economic and environmental impacts of the deployment of RES-powered cellular BSs was extensively reviewed. This study focused on the case of South Korea, which has an average solar radiation of 4.0 kWh/m 2 /day and wind speed of 4.0 m/s. Nevertheless, the study can be extended to include neighboring countries with slight differences in daily peak sunlight hours, solar resources, and economic factors. In general, the mid-latitude region located between 30 • N and 30 • S latitudes is a preferred region for solar-powered BSs. The average irradiance in this region, except for the inland areas of China, ranges from 4.5 kWh/m 2 to 7.5 kWh/m 2 . Potential locations for wind-powered BSs are widely distributed in mountainous regions and coastal areas. However, the number of such locations may be further reduced considering the desolate conditions of mountainous regions. In accordance with these requirements, wind-powered BSs may be established in the northeastern coast of North America, the southern area of South America, England, the northern region of Europe, the northwestern part of India, the southern coast of China, and the coastal areas of Japan.
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